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FLIGHT-DETERMINED STATIC LATERAT. STABILITY AND CONTROL
CHARACTERISTICS OF A SWEPT-WING FIGHTER
ATRPTANE TO A MACH NUMBER OF 1.39

By Gene J. Matrangs and James R. Peele
SUMMARY

The static laterel stability characteristics of a swept-wing
fighter-type sirplane incorporating three vertical-tail conflgurations
and two wing configurations were investigated at an altitude of

- 40,000 feet over a Mach number range from 0.72 to 1.39. The data
obtained were determined during constant-heading sideslips and wings-
level turns, sileron rolls, and sbrupt rudder pulses.

The apperent dihedrel parameter é%%t3 the apperent aileron effec-
pb

ﬁvJBat’ the aileron effectiveness derivative Cz5at’
the rudder effectiveness derivative Cnar, and the rolling moment due
to rudder deflection ClSr remained essentially constant up to high

transonic speeds. With a further increase in Mach number the values of
these derivatives decreased.

tiveness parameter

The apparent directional stability parasmeter g%z- remeined nearly

constant below the transonlec reglon but increased in value with a further
lncrease in Mach number.

The trimmed lateral-force derivative CYB and the yawing moment
due to aileron deflection Cn5at exhibited little change through the

speed range tested.

With an increase in vertical-tall size and wing span & noticeable
difference in the values of g%ﬁ, and a slight difference in the values

of Czaat and Cnﬁr were evident for any glven Mach number.

LINCLASSIFIED
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INTRODUCTION

A universal interest has been exhibited in handling-qualities flight
data in the transonic and supersonic regloms because of the large changes
in stability and contrel characteristlics in this area. In order to fur-
nish a better understanding of these phenomena for current and future
aircraft designs, a 45° swept-wing fighter-type airplane was procured
by the U. S. Air Force for flight testing by the NACA High—Speed Flight
Station at Edwards, Celif.

Several flight investigatlions with the subject alrplane in the
transonic and supersonic region have been performed and reported (refs. 1
to 4). These investigations, as well as the present one, employed three
different vertical talls with varylng aspect ratio or area, or both, and
two wing configurations - the basic wing, and the basic wing plus wing-
tip extensions. o e _ e RN —

This paper presents the overall static lateral stability and con-
trol characteristics generally for & pressure altitude of 40,000 feet
and a Mach number range from 0.72 to 1L.39.

SYMBOLS

All coefficients and moments of inertla are referenced to the body
axes and are based on the geometric dimensions of the particular con-
figuration under consideration.

A aspect ratio, %r
an normal acceleration, g units
8¢ transverse acceleration, g units
b wing span, ft - - - _
o rolling-moment coefficlent, QLSb
Cy alleron effectiveness derivative, dC? 5, per deg
Sat aﬁat
Clar gg—i, per deg
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CNp airplane normal-force coefficient s %‘i
Cn yawing-moment coefflcient, U
aSb
dac
Cn6 o , per deg
&t at
3 ac,
Cnﬁr rudder effectiveness derivative, &, per deg
. Way,
Cy airplane lateral-force coefficient, =
dCy
CYB lateral -force derlvative, @—, per deg
c chord, ft
Bay
—dE- - apparent dihedral parameter
@— apparent directional stablility parameter
g acceleration due to gravity, £t/sec®
hp pressure altitude, £t
Iy moment of inertia about X-axis, slug-ft2
Iy moment of inertia about Y-axis, slug—ft2
Iz . moment of inertia about Z-axis, slug~ft2
Txy. product of inertia, 1/2(Iz - Ix)sin €, slug-ft?
ig angle of tail ilncidence measured from line parallel to X-axis
of airplane, positive when lesding edge deflected up, deg
L rolling moment, f£t-Ib

M Mach number



yawlng moment, f£t-1b
rolling sngular velocity, radians/sec

rolling angular acceleration, radians/sec2

apparent aileron effectiveness parameter

dynamic pressure, %QV2; 1b/sq ft

yawing angular velocity, radians/sec
yawing angular acceleration, rs.dians/sec2
wing areas, sq ft

true velocity, ft/sec

airplane weight, 1b

angle of attack, deg

angle of eideslip, deg

NACA RM H5TAL6

total alleron deflection, positive for right roll, deg

rudder déflection, positive when deflected left, deg

angle between body X-axis ahd principal X-axls, positive when
body axls 1s above principal axls at alrplane nose, deg

sweepback angle st the quarter chord, deg

taper ratio

mess density of air, slugs/cu ft

ATRPIANE

The alrplane used in this invesiigation is a fighter type with low,
swept wings, and incorporates midsemispan ailerons and a low, swept hori-

zontal tail.

On the leading edge of the wings there were free-floating

slats which were normally closed during all phases of this investigation.
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A single turbojet engine with afterburner powers the airplane. The
investigation covered the following four configurations which involved
three different vertical talils and two different wing configurations:

Vertical tail Wing
Configuration Tail Area, | Aspect | Ares, Span, | Aspect
designation sq £t ratio sq ft £t ratioc
A A 33.5 1.13 376 36.6 3.56
B B 3T.3 1.49 376 36.6 3.56
C C h2.7 1.kg 376 36.6 3.56
D C Yot 1.49 385 38.6 3.88

A three-view drawing and a photograph of the airplane, with the
configuration incorporating the largest vertical tail and the increased
wing span, are shown in figures 1 and 2, respectively.

A photograph showing vertical tails A and C and drawings of the
three tails defining the areas are shown in figures 3 and L, respectively.
In 811 configurations the same rudder was used.

The physical characteristics of the original airplane (configura-
tion A) and the modifications tested are presented in table I. Figure 5
shows the variation of the moments of inertia about the body axes and
the principal axis inclination relative to the body axls based on the
manufacturer's estimates for weight conditions expected in the normal

fiight range.
INSTRUMENTATION

The following guantities pertinent to this investigation were
recorded on NACA Internal recording instruments synchronized by a com-
mon timer:

Alrspeed and altitude

Normal and transverse acceleratlon

Angle of attack and angle of sideslip

Aileron, rudder, and stabillizer deflections

Rolling, pitching, and yawing veloclities and accelerations

The angle of atbttack, angle of sideslip, airspeed, and altitude
were sensed on the nose boom. The angle of sttack and angle of side-
slip were corrected for pitching and yawing velocitles, respectively.

> —



6 SO NACA RM HSTALG

The ailrspeed system was calibrated by the NACA radar phototheodolilte
method and is consldered accurate to M = £0.02 =at subsonic speeds and
M = #0.01 at supersonic speeds. (Additionasl discussion of the accu-
recies may be found in reference 2.) . The turn meters used to measure
the angular velocitles and accelerations were referenced to the body
axes of the alrplane. The welght of the ailrplane was obtalned from the
pllot's report of the fuel remalnming before each maneuver.

TESTS

The tests for all four airplane configlirations were conducted in
the clean configuration with the center-of-gravity position at about
32 percent of the mean aerodynamlc chord of the original wing; however,
for configuration D the center-of-gravity position based on the mean
aerodynamic chord of the extended wing was at about 30 percent. The
data were obtained within the Mach number range from 0.72 to 1.39 at a
pressure altitude of 40,000 feet with the exception of limited data
obtained near a Mach number of O 75 and 50 000 feet ~and a Mach number
of 0.40 ard 15,000 Feet.

The characteristics in sideslip were obtalned from constant-heading
sideslip maneuvers and, in addition, wings-level turns for configura-
tion D only. The lateral control effectiveness was determined during
abrupt rudder-fixed aileron rolls at various control deflections up to
full aileron deflection, except for configurations A and B which were
limited to spproximately one-thlird and two-thirds total ailleron deflec-
tion, respectively. Limiting the aileron deflection was necessary
because of the violent lateral-longitudinal coupling and roll behavior
encountered with configurations A and B (refs. 3 and 4). A chaln stop
on the control stick was used to obtain comstant aileron input. This
Investigation also includes data from abrupt rudder pulses to obtain .
control effectiveness derivatives. -

All maneuvers used in this investigation were performed at or initi-
ated from 1 g level-flight conditions. Nomlnal angle-of-attack and
normal-force-coefficient variations with Mach number are presented in
figure 6 for the 1 g level-flight condition of this investlgation.

Tt should be réted that all derivatives used in thils paper are
based on the physical dimensions of the particular conflguration under
consideration. - :
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RESULTS AND DISCUSSION

Sideslip Characterlstics

Representative plots of the varlation of alleron, rudder, and
stabilizer positions, and transverse accelerstion with angle of side-
slip at & Mach number of 0.73 and an altitude of 30,000 feet and at
Mach numbers of 1.0 and 1.15 at 40,000 feet are presented in figure T.
Data for all four airplane configurations are included, except st a
Mach number of 1.15 (fig. T(c)). At this Mach number there are no data
for configuration C since the investigation with this configuration did
not extend beyond & Mach number of 1.0. The variations of rudder and
aileron deflections and transverse acceleration with sideslip angle gen-
erally were linear over the ranges tested. There was evidence of only
slight pitching-moment changes with sideslip, as shown by the varilation
of stabilizer position with sideslip angle.

The variations of the apparent dihedral parsmeter dzgt, the apparent
as
dBr’ and the lateral-force derivative

C as determined from sideslip maneuvers over the Mach number range
e

directional stability parameter

covered are summsrized for the four configurations in Pigure 8. The

as
apparent dihedral parsneter d;t shows litile or no change among the

different configurations and is positive except at Mach numbers above
M = 1.34k, as shown for configurations B and D. Although the apparent

ds
dihedral parameter d:t remains fairly constant at values near one

below & Mach number of about 0.92, it decreases abruptly to nearly zero
in the Mach number range between 1.0 and 1.05. Above this range there
is a slight increase in the apparent dihedral to a value spproximately
one-half the subsonic value. The data for configurations B and D in
figure 8 at a Mach number of 0.73 show that the apparent dihedral param-

ds . . .
eter & is decreased with a decrease in altitude. This decrease in

d:t noted'be?ween the two altitudes is pfimarily the result of a

decrease of 3° in angle of attack (fig. 6). A comparison of the low-

ds
speed value of d;t at an altitude of 15,000 feet with the value at a

Msch number of 0.75 and an altitude of 40,000 feet (at comparsble angles
of attack) shows agreement.

-y
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as
The apparent directlcnal stebllity parameter EEE for the four
configurations 1s positive and bpelow a Mach number of approximately 0.90
remains essentially constant, with velues ranging from 1.6 for configu-
ration A to 2.6 for' configuration D. Above this Mach numwber there 1s

as
-aéi to a value at supersonlc speeds of more then 2 times
the subsonlec value for configuration A and more than 2% times the subsonlc

value for configuration D. The low-speed, low-altitude value of %ﬁ%

an increase of

for configuration D 1s sbout the same as the value cbtalned at higher
altitude at a Mach number of 0.75. With increasgﬁin vertical-tall size
there is generally an increase in the value of 75%' Since the different
vertlcal tails all have the same rudder, the increase 1in apparent direc-
tional stability for any glven Mach nunmber with increased vertical-~taell
size points to an increase in directionsl stabillity (ref. 1) instead of
a loss in rudder effectiveness. However, for any one configuratlon the

ds .
increase in —% with Mach number above the transonlc region results

mainty from the loss in ruvdder effectiveness, as will be seen 1ln a sub-
sequent section. ) LT P —

The trimmed lateral-force derivative CYB shows little or no change

among the configurations or with increase in Mach number except for a
slight increase negr a Mach number of 1.0 for configuration A end above
8 Mach number of.1.15 for configuration D, all values belng approxi-
mately ~-0.008. The value for the low-speed, low-eltltude test polnt
for configuration D is slightly higher than the other values at higher
altitudes. )

For configuration D, wings-level turns were investigated and the
data were incorporated with the constant-heading sideslip data in fig-
ure 8(b). There was no dlfference noted In the parameters obtained in
this menner, although in the speed range where the dihedral was lowest,
there seemed to be less scatter In the aileron-positlion data.

Lateral Control

The apparent alleron effectiveness parameter g%/%at obtained from

gbrupt rudder-fixed aileron rolls was essentially linesr throughout the
entire control and Mach number renge investigated. Figure 9 shows typi-
cal variations of the helix angle with alleron deflection for Mach num-
bers of 0.73 and 1.25 at altitudes of 30,000 and 40,000 feet, respectively.
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Figure 10 summarizes the Mach number varistion of ‘the apparent
aileron effectiveness parameter g% B&t for the four configurations.

The apparent aileron effectliveness parameter g%/Sat for configura-

tions B and D remains nearly constent at a value of 0.0026 to a Mach
number of sbout 0.90. Above a Mach number of 0.90 there 1s a gradual
decrease in effectiveness to aboub 7O percent of the subsonic value near
8 Mach number of 1.3. Although there are little data for conflgurations A
end C, the data show no apprecilable change from the data obtalned for
configuration B. This is to be expected since the only difference in
these three configurations is the size of the vertical tails, and the
difference in the damping-in-roll contributed by the vertical tails
would be negligible. The increase of 2 feet in wing span of configure-
tion D does not appear to change the apparent ailleron effectiveness
below a Mach number of about 1.0; however, above M = 1.0 there is a
slight decrease In apparent alleron effectlveness compared wilth the other
configurations. This decrease results primarily from a loss 1n eileron
effectiveness, as will be discussed 1n a following section. The low-
speed, low-altitude data for configuration D agaln are similar to the
other subsonic data in maegnitude, although there 1s no reason to expect
such similarity, considering compressibility effects, ameroelasticlty,

end possible change in roll damping.

Control Effectiveness Derivatives

By using the methods discussed in the sppendix and reference 5, the

control effectiveness derivatives CZS 3 cnﬁat’ Cnsr, and Czsr

were obtained for configurations B and D. Figure 11 presents the varia-
tion of these control effectiveness derivatives with Mach number.

In both configurations the alleron effectiveness derlvative 018
at

decreases fairly rapldly from relatively constant values of about 0.0010
for configuration B and sbout 0.0009 for confiliguration D below a Mach
number of about 0.90 to less than one-half these values at a Mach num-
ber of 1.25. The low-speed, low-altitude data for conflguration D are
slightly higher in magnitude than the values of the trensonlc data at
an aX¥titude of 40,000 feet. The values of CZSat for configuration D

are consistently smeller than the values for conflguration B. This dif-
ference 1s accounted for at subsonic speeds by considering the difference
in physical dimensions of the particular conflguration employed in
determining the derivatives. However, at supersonlc speeds there is a
definite loss in aileron effectiveness with the increase in wing area.

o ___________
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Values of the rudder effectiveness derivative Cn5 in the tran-
r

sonlc region are sbout -0.0006 for configuration B and vary with Mach
number in a manner similar to the aileron effectiveness derivative o
CZSat’ although Cﬁar seems to retain 1ts subsonlc effectiveness to a

slightly higher Mach pumber. At subsonic speeds the values of Cnar

are slightly smaller for configuration D than for configuration B, How-
ever, for supersonic speeds they are essentially the same for any glven
Mach number. A comparison of the low-speed, low-altitude values of
Cnar for confilgurdtion D wlth data in the transonic region shows the

date to be at almoSt the same level.

—_—

Very little change is exhibited in the variation with Mach number
of the yawling moment due to alleron deflection Cnﬁat vhich remalned

essentially constant at & value near 0.0002. The rolling moment due to o
rudder deflection “CZSr remained constant at a value of about 0.0001

below a Mach number of 1.0; however, at the higher supersonic Mach num- _
bers Cl5r became zero.. No measurable effect of alrplane confilguration -

on these parameters was apparent. For configuration D, one low-speed =
and low-altitude data point of CﬁSéﬁ _énd_'CiSQ “was of the same order -

of megnitude as the data obtained at higher speeds.
CONCLUS IONS

From a static latersl flight investigation of three vertical-tail
confilgurations and two wing conflgurations of a swept-wing fighter-type
airplane, generally at an altitude of 40,000 feet and over a Mach num-
ber range from 0.72 to 1.39, 1t may be concluded that:

as
1. The apparent dihedral parameter d:t shows little or no change
S

among configurations. The value of is'fairly constant at about

1.0 below a Mech.number of 0.92, decreases to almost zero near a Mach

number of 1.0, then regains about one-half its -subsonic value at a Mach
number of 1.20. Abdve & Mach number of 1.34 the valué becomes slightly
negative. : ' T h ' o

db
2. The appasrent directional stability parameter EEE shows an : .

increase in value with increase in vertical~tall size. The derivative



NACA RM HESTALG SO 11

EEE remains generally constant below s Mach number of about 0.90, with
values ranging from 1.6 to 2.6, depending on the configuration. Above
this Mach number there is an increase ta a value at supersonic speeds

of about 2 to 2% times the subsonic wvalues.

3. The lateral-force derivative CYB shows little or no change

smong configurations or with increase in Mach number, all values being
approximately -0.008.

Lk, The apparent aileron effectiveness parameter g%/&at shows &

slight decrease with lncrease in wing span and area at supersonic speeds.
The value of gg/&at remains nearly constant at 0.0026 up to a Mach

number of about 0.90. With further increase in Mach number there is a
gradual decrease in effectiveness to about TO percent of the subsonlc
value at a Mach number of about 1.3.

5. Values of the control effectiveness derivatives Cj R Cn8 ’
Bat at
CIS , and Cnar show little change among the configurations. The aile-
r

ron effectiveness derivative Cls decreases rather rapidly from an

&g
essentially constant value of sbout 0.0009 to 0.0010 in the transonic
range to less than one-half that value at a Mach number of 1.25. A simi-
lar trend is evident in the rudder effectiveness derivative Cn6r with

subsonic values near -0.0005 to -0.0006 and supersonic values approaching
~0.0001 at & Mach number of approximastely 1.35. The yawing moment due
to aileron deflection Cnﬁat shows little change with change of Mach

number, the values being about 0.0002. The rolling moment due to rudder
deflection CZSr 1s essentielly constant at about 0.0001 below a Msch

number of 1.0. At the highest Mach numbers of the tests CIS decreases
r

to zero, however.

High-Speed Flight Station,
National Advisory Commlttee for Aeronautics,
Edwards, Calif., December 20, 1956.
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APPENDIX

Lateral Equations of Motion

In determination of the control derivatives Cnﬁr’ Cnﬁat’ Clﬁat’
and Clg, from rudder pulses and abrupt alleron rolls the followlng
procedure was useéd: The abrupt rudder or aileron input was performed
from trim level-flight conditions and only the first few tenths of one
second of the control input were snalyzed. During this time interval

the alrplane experiences angular sccelerstlon but there is not sufficlent

time for appreciable angular velocliies ar displacements toc take place.
Therefore, taking the equations of motion of the alrplane relative to
the X- and Z-body axés T T

C1a8b =~ pIy - FIxy + (Iz - Ty)ar - palyy
CuaSb = #Iz - PIxz + (Iy - I pa + arlxz

Then, disregarding the terms with the product of angular velocitles
because of their mlnute values, the equations are transformed to

o _ Ixp - Igpt

e e </
ashb

L - Iygp

Cp = 2 X
asb

The angular accelerations, velocities, and control deflections were

obtained and the rolling-moment snd yawing-moment coefficlents were cal-
¢ulated and plotted against theé control deflections. From the plots of
Cn eagainst ©®y, Cn_ agalnst 5at: C; egainst aat, snd C; against

By the slopes (control derivatlves) were obtalned.

Agaln, 1t should be noted that all derlvatives used in this paper
are based on the physical dimensions of the particular configuration
under consideration.
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TABLE I
PHYSICAL CHARACTERISTIOE QF AIRPLARE
plos
Besla wing wing-tip extensions v
Wing: - .
AMrfoll section « « « v v 4 4 s o s e e @ v e e v onneme o0 ¥ ¥y e BACK ACA
wm(wummmaauqnmwmm),-qn....... }'{6.:2 5;.’218
lhn.nmoaam-tqumm,n ........ S 1153 1L.16
Root chord, £ . « « o v :.E.S 15.66
Tipchord, f5 . o . . e b . 6 Jg -
Taper ratio . PP PP - 0.50
Ampect ratic . . . e PN . 5.? 5.0
Bwoeplco.zachardltr-,hg [T B - % Lo ]
Lrurla.ncc,d.-s s s ma ... . -0 [+] .
» 08 + ¢ 4 o 0 aa PEEEE Y . L B a
Oecntﬂ.cmn,dﬂg.-.. el . o o
ALlerayy - -
Aruramnrdofhimuu(ueh),nq_n fh s e e 19.32
Spen at hinge line (emah), £6 + « « + = « = & & enoae 7.0L
cmwumpm,mmtmw. « 25
Travel (each), deg .« = o « 2 » « « ¢ 4 v « ¢ o v o .« e 1%
Leading-sdge slat: .
Epl.n,aqnivtlmt,ﬁ P e e kre e u.'n,. H
Bpnn\d.sa Inmt&m,:l.nboardd., mumtﬂ.nsm-pu. 2%.3 )
Spanwise location, cutbosrd end, percent wing sesispen 8.2 =
mtuotmtmummtmww . 20
Rotation, meximm, deg F L]
Horizontal tailr
AITOLL BEOLIMY & o 4 + ule o v s w e n e 4 e e n e s e e 6540055
romw(mmnsnﬁummwmhm), $8.%
Span, £t . 4 s 4 . - - PRGN e e 18.72
Mean serodmamic chord, £t e gﬂ —
Reat chord, ft PPN B -
Tip chard, £% . PP, 2.56
Taper ratio « « .« . . . PR 0.50
Aspect ratio "o 3.5%
Swvesp at 0.25 chard line, P L L] K
ihedral, 46§ « « » « » .« s o . [ a
Travel, leading edge up, deg . . « s e 5 by
Travel, leading edge down, deg « e a3
mnmmcmtmmmm
i B c ' T
Yertical tail: : -
Arfoll sectioh . . o 4 v = 4 s v 2 d 0 s v v - o HACA 60AD03.D KACA 634003 .5 BACA 65A003.5
m(uummmm»uumw
by fuselage}, BG F& . . ¢ ¢ ot 0 v ek .. ew e e 3.5 LRI - - AT
Area blanketed by (aren £
llmuﬂl}.mpm‘a].lnl il 1ina .
1mmtimdlmce@“vvualtmmma- B
1line, . BJL 2.3 2.5 '
55 L % '
1.7 7.5 8.28
. . e e 5.3 2,32 2.%9
. f e 0.428 0.301 0.50L
- . “ e 1.13 1.h9 1.9
swepneo.zauhnrdu.nn,d.lg......... C e e e &3 &5 L]
Raslder:
Ares, rearvard of hings 1ins, 8@ L% « ¢ ¢ . 4 4 s o s . a . 6.3 6. 6.3
Spon at binge 1ine, £ .« « & « ¢ 5 4 s o 2 e 0 . v P 3.5 3.33 3.5 - z
Root chord, Tt .+ « o + & C e b i s r e P .27 2.21 2.2T
Tip chord, £ « o ¢ » & ¢ = v 4 % c 4 %+ 0wt o 0t s 1. R 1.5 -
Travel, deg « . . « « P e me e aee . a0 o
dpanvise location, inboard end,
pareant verticaltail spEA .« .+ . . c 4 4 2 e . ... PR LX) 3.7 3.1
Spemrige locetion, outhoard end,
percant Vertical-tall BPEL ¢ « . s« 4 s 4 e e v v e . 8.2 8.0 [V ]
. peroent verticsl-tail chord . . . . . . . & . . . 30.0 2
c balance . . . . . FA c e e se. O ging, g R
unsealed wmenlod unsealed. /
C e ee e ) §5.5%
L. 5.58
Hoxdmwm cenopy, et e r e et e a e €.37 -
Side area (total), sq £t . . 20.9¢
Fims-nﬂo(Mmmzmdde ..... e et s e et .56
Speed brake:
+ k1A -
.. x
sftarburrar
« 13,000 - N
- g,az: -
. 8000
.R,S& -
. 800
-
Totsl Vedght = @OAT AOWIL & ¢« « v 4 + 4 4 o o o o o = 4 o 4 s % 2 a eonrs erMWE v 4 maie ocr o r o e e e A
Totel welght — EEAY UP « v « 4 v + o o v = & v o = o « e v e e s r e e S e T e e s e e e RB
-
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FPigure 1l.- Three-view drawing of the test airplane with the largest

15

vertical tail and enlarged wing configuration. All dimensions in

inches.

SR



E-2097
Figure 2.- Photograph of the airplane with larpgest vertlical-tell and enlarged-wing configuration.
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Figure 3.~ Photograph of two alrplanes showing teils A end C.
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Tail C

Area blanketed by fuselage(tail

\—c/4 for tails A ond B

c/4 for tail C

Tail Ac/lp A by Area, Span, Blanketed area,
deg : ag 't It sq £t
(1) (2)
A Lse 1.15 0.428 33,5 6.1 2.11
B 45° 1.49 0.301 37.3 7.L5 2.11
c ks® 1.49 0.301 2.7 T+93 2.45

{1) Area not blanketed by fuselage
(2) Span not blanketed by fuselige

Figure L4.- Sketch of vertical tails A, B, and C.



NACA RM H5TAL16
8
€, deg

4

58000
iy, slug—ff2

57,000
68,000

Iz, slug-ft2 66,000

64,000

11,000

IX, slug-ft2 10,800

10600

—

—

20,000 22 000

W, ib

24 000

1S

Figure 5.- Approximated veristion of the principal moments of inertia
and inclination of principal sxis relation to the body axlis.
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Figure 6.~ Varistion of trim normel-force coefficlent and angle of attack
with Mech number for 1 g flight, and a nominal weight of 22,000 pounds.
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(8) M =0.73; hy, = 30,000 fest,

Figure 7.~ Characteristics in sideslip.
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(b) M = 1,00; bp = 40,000 feet.

Figure T.- Conbinuad.
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Configuration A Configuration B Configuration C Configuration D
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Figure 7.- Concluded.
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(a) Configurations A and B.

Figure 8.- Variation with Mach mmber of several appsrent lateral stabllity parsmeters.
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(b) Configurations C and D.

Figure 8.~ Concluded.
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Figure 9.~ Variatlon of wing-tip helix angle with ailercn deflection for two typleal conditions.
Configuration D.
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Flgure 10.- Variation of alleron effectiveness with Mach number.
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Figure 1l.- Variation with Mach mmber of control effectivenses parsmeters; by = 40,000 feet .
with exceptions noted. ' '
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